Abstract-Comprehensive high performance epoxy nanocomposites were prepared by simultaneous incor porating montmorillonite (MMT) and nanoSiO 2 into epoxy. Mechanical tests and thermal analyses showed that the epoxy/MMT/nanoSiO 2 nanocomposites obtained considerable improvement over basic epoxy in tensile modulus, tensile strength, flexural modulus, flexural strength, notch impact strength, glass transition temperature, and thermal decomposition temperature. X ray diffraction measurements and transmission electronic microscopy observations revealed that the layered structure of MMT was completely exfoliated into two dimensional nanoscale mono platelets. These 2D mono platelets formed intermingled structure with the zero dimensional nanoSiO 2 spheres in the nanocomposites. This study suggests that employing the synergistic reinforcement effect of two dimensionally different nanoscale particles is one pathway to success in developing comprehensive high performance polymer nanocomposites.
INTRODUCTION
The booming aerospace, navigation, and defense industries are starving for lightweight materials with comprehensive high performance. Epoxy nanocom posites hold great promise for filling this need. They not only retain the merits of epoxy such as light total weight and high chemical resistance, but also display impressively enhanced mechanical, thermal, and bar rier properties due to the incorporation of nanoscale particles [1] [2] [3] [4] [5] [6] [7] . However, it is still difficult for epoxy nanocomposites to obtain comprehensive consider able improvement in multiple properties, and more se riously, the improvement in some properties is fre quently accompanied by the decrease in some other properties. There are many examples of this concern. The epoxy/SiO 2 nanocomposites prepared by Johnsen et al. increased more than 8% in both modulus and toughness, but decreased 7°C in glass transition tem perature [8] . The epoxy/nanoclay nanocomposites synthesized by Dean et al. displayed 15% higher mod ulus but 60% lower flexural strength [9] . The studies performed by Chen et al. [10] and Akbari et al. [11] both obtained similar results. This drawback of epoxy nanocomposites severely limits their application range and prevents their wide use in the above fields [12, 13] .
1 The article is published in the original.
From literature analysis, it can be seen that the now available epoxy nanocomposites are only reinforced by nanoscale particles of single dimensionalities, for ex ample, 0D nanoparticles (nanoSiO 2 , nanoTiO 2 , nanoAl 2 O 3 , etc.), 1D nanotubes (carbon nanotube, whisker, etc.), or 2D nanolayers (clay, graphite, etc.). Nanoscale particles of different dimensionalities each have their respective reinforcing mechanisms and ad vantages [14, 15] . Simultaneous incorporation of di mensionally different nanoscale particles into epoxy may integrate their respective advantages and thus ge nenrate synergystic reinforcement effect, promising a successful way to produce comprehensive high perfor mance epoxy nanocomposites.
In this study, epoxy/MMT/nanoSiO 2 nanocom posites co reinforced by two dimensional MMT platelets and zero dimensional nanoSiO 2 spheres were prepared. They exhibited considerable improvements over neat epoxy in modulus, strength, toughness, and thermal resistance. Such gratifying gains have not been seen in any other reports. ing agent and accelerator were methyl tetrahydro phthalic anhydride and 2 Ethyl 4 methylimidazole, respectively; both were commercial products of chem ical pure grade and purchased from Shikoku chemical Co., Japan. The montmorillonite (MMT) was the DK1 commercial organo MMT (o MMT), modified by alkyl quaternary ammonium chloride and provided by Fenghong chemical Co. Inc., China. The nanoSiO 2 (30 nm in diameter) was supplied by Nachen Co., China.
EXPERIMENTAL

Preparation of Epoxy Nanocomposites
The epoxy resin (100 g), curing agent (80 g), accel erator (1 g), DK1 o MMT, and nanoSiO 2 were mixed at ambient temperature with ultrasonic dispersing for 0.5 h to obtain a transparent and homogenous mix ture. The mixture was degassed in vacuum for 0.5 h to eliminate bubbles, and then injected into a steel mold. Curing was conducted in two steps, at 90°C for 2 h and 150°C for another 2 h. Post curing was performed at 180°C for 2 h. The weight ratio of o MMT and nanoSiO 2 was 1 : 1. The o MMT and nanoSiO 2 were both loaded at 1, 3, 5, and 7 wt %. Neat epoxy was also made according to this procedure as control material.
Testing and Characterization
Mechanical property tests were performed on a Universal Tester (Instron 5567) at the room tempera ture using six replicas for each sample. The tensile modulus and tensile strength were measured accord ing to ASTM D638 96. The flexural modulus and flex ural strength were measured according to ASTM D 790 M. The notch impact strength was measured ac cording to ASTM D 256.
The tensile, flexural, and impact fracture surfaces were coated with Au and then were examined by scan ning electronic microscopy (SEM) using a KYKY 2800 operated at an accelerating voltage of 20 kV.
Glass transition temperature, T g , was determined by a STA449C multipurpose thermal analyser using differential scanning calorimetry. All the samples were heated under argon atmosphere from 25 to 150°C at a heating rate of 10°C/min. Thermal decomposition temperature (T d ) was measured by a STA449C multipurpose thermal ana lyzer using thermogravimetric analysis. All the sam ples were heated under argon atmosphere from 30 to 600°C at a heating rate of 10°C/min. X ray diffraction (XRD) experiments were con ducted on a D/MAX 2500/PC diffractometer equipped with a CuK α and operated at 40 kV and 30 mA. Data were collected in the range of 2θ = 2°- 
